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Around the world, electricity generation from PV photovoltaic systems is 
increasing, achieving 10-20% PV system efficiency. However, PV systems 
degrade due to the technology and the operating conditions and become 
worse in tropical climate countries. Hence, degradation is one of the key 
performance indicators for the reliability assessment of a PV system. This 
paper presents the acceptance ratio (AR) analysis grid-connected 
photovoltaic (GCPV) located on the campus of the Universiti Teknologi 
MARA, Shah Alam, Malaysia as the key performance indicators. 
A comparative analysis of the actual and predicted AC Power and AR of the 
polycrystalline GCPV system is carried out over monitoring of a one-year 
period. MATLAB software is chosen to simulate the output power using 
actual data. Malaysian Standard MS2692:2020 has noted that the AR value 
must > 0.9 to classify as accepted in testing and commissioning tests and AR 
< 0.9 has been indicated as a non-accepted GCPV system. The results of 


acceptance ratio (AR), yield (Y), specific yield (SY), and performance ratio 
(PR) show that almost half of the AR’s data results show below 0.9 with the 
performance ratio of PV systems was less than 75%, indicating that the 
systems needed to be completely replaced. 
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1. INTRODUCTION 

On growing environmental issues, solar energy has been widely used due to its inexhaustible and 
environmentally sustainable benefits [1]—[4]. The primary source of solar energy is called solar power [5]. 
Due to its reliability and minimal maintenance requirements, a significant number of photovoltaic (PV) 
systems have been deployed around the world in recent years [5]—[7]. The projected lifespan of the PV 
modules is typically around 20-25 years [8]. However, due to their unreliable estimation of the module's 
expected performance, several solar PV modules show poor performance in the field [9], [10]. 

The factors that contributed to the poor performance of the PV system may be faults or anomalies 
present in the system [11]—[14]. There have been different kinds of research on fault detection. These studies 
include fault detection using cables to capture losses using mathematical diagnostic methods [15], output 
ratio (PR) measurement, voltage, and current observation [16], [17] array and grid power loss analysis 
[18]-[20], artificial neural network [4], [21]-[23] environment conditions [8], [9], temperature variation 
[24]—[27] and experimental method [17]. A few other fault detection techniques have been introduced on the 
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AC side of PV systems, such as hot-spot detection [28], [29] and satellite data [6]. Artificial intelligence (AI) 
approaches also have been used such as neural networks and the fuzzy classification system [30], [31]. 

The acceptance ratio (AR), which is defined as the ratio of the actual AC power output to the 
expected AC power output, is one of the criteria used in recent research to identify problems in PV systems. 
However, there hasn't been much research done on early fault detection using AR in Malaysia [11], [7]. 
Based on real and predicted polycrystalline GCPV systems, this study aims to develop a fault detection 
approach aimed at optimizing the operational efficiency of GCPV systems. To detect the fault, the 
acceptance ratio (AR) assessment was performed for polycrystalline GCPV systems. Polycrystalline GCPV 
system are mostly used in entire world, leading a good subject to compare [32], [33]. This study is beneficial 
to compare the performance of polycrystalline GCPV system in tropical climate country with another 
climate. 


2. METHOD 
2.1. Polycrystalline PV plant site description 

In this study, a polycrystalline GCPV system was chosen to investigate fault detection. The 
polycrystalline GCPV systems have a capacity of 5.405 kWp and were installed in April 2012, at the 
Universiti Teknologi MARA (UiTM) Shah Alam's green energy research center (GERC) test site. The 
polycrystalline systems have 23 PV modules in total, with 12 series and 11 series in String 1 and String 2, 
respectively. The system mounting structure is retrofitted onto a metal deck and installed at a 10° angle on 
the parking rooftop facing South-East. The data loggers were linked to the weather monitoring station and 
inverter, which recorded environmental and electrical data such as AC power output, solar irradiance, module 
temperature, and wind speed. Each data point was continuously recorded at five-minute intervals. The 
historical data of environmental and electrical data from November 2018 to November 2019 were extracted 
for analysis in this study. 


2.2. AC power analysis (Pac_actual and Pac_predict) 

This section compares actual and predicted AC power. Figure 1 depicts an AC power analysis 
flowchart. Based on Figure 1, Pac actual is the actual AC power was drawn from the data logger; meanwhile, 
predicted AC power, Pac predict Was Computed using the mathematical model. Pac predict can be calculated as (1). 


Pacpreaict = Parraysrc x kg x Kktemp x kmm X Ninv X Ncable X Kairt x Kage x Ksnaae (1) 


Where Paray stc is the peak power of the PV array at STC, kg is peak sun factor (decimal), ktemp is the de- 
rating factor of power due to cell temperature, kmm is the de-rating factor due to module mismatch, niny is the 
efficiency of inverter and ycable is the efficiency of cables, kuin is the de-rating factor due to dirt, Kage is the 
de-rating factor due to aging of the PV module and Kshade is the de-rating factor due to shading. 


G 
Kage = (2) 


1000 


While G is the plane of array irradiance. 


8 
ktemp =1+ aa x (Tee — Tsrc) (3) 
Where Tcen is the cell effective temperature and Tstc is the cell temperature ay STC (provided in the 
datasheet) [32]. 


2.3. Acceptance ratio (AR) 

Figure 2 depicts the AR analysis flow chart in this section. AR is commonly defined as the ratio of 
actual power to predicted AC power. The sustainable energy development authority of Malaysia (SEDA) 
established an AR threshold value to address the acceptance of a fully installed and operational PV system. 
An approved operating PV system is said to be the system if the AR value is equal to or greater than 0.9. In 
other words, there is no fault in the system [32]. To calculate AR for GCPV systems, the following equations 
must be used: 


AR = Pac actual (4) 


Pac_predict 
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2.4. Yield (Y) 

Yield (Y) is the sum of energy that the device produces. Yields are commonly recorded as annual 
values for PV systems because the usable solar irradiation varies over the year. The monthly yield or daily 
yield may also be reported [16]. The predicted yield can be calculated as (5). 


Ypredict = Parray_STC x PSHpyoa x Kaeration_y X Umodule (5) 


Where Ypredict is the predicted energy yield (kWh), and Keeration_y is derationed factor of energy yield by year 
(dimensionless) [16] and can be calculated as (6). 


Kgeration_y = kmm x Krem_ave x kairt x Kage x K shade (6) 


2.5. Specific yield (SY) 

The specific yield is the amount of energy produced by the device per unit capacity. The annual 
specific yield is frequently reported because available solar irradiation varies throughout the year. It is also 
possible to report monthly or daily values [16]. The expected specific yields are calculated as (7). 


Ypredic 
SYpreaict = 5 orc (7) 
Where SY predict is the predicted specific energy yield kWh(kWp)'!, and SYactua is the actual specific energy 
yield kWh(kWp)? [16]. 


2.6. Performance ratio (PR) 
The performance ratio is the dimensional quantity that provides the overall device quality (SEDA, 
2014). The actual and predicted performance ratio can be calculated as: 


Y. . 
_ “predict 
PRoredict — y, (8) 
ideal 
en Yactual 
PRactuat T ee (9) 
ideal 


where PRpredict is the predicted performance ratio (decimal), PRactual is actual performance ratio (decimal). 
While, Yidear can be calculated as: 


_ Parray_STC 
Yideat = H (10) 
poa 
or 
Yideal = Hmodule x Parray_STC x Hpoa ad 1) 


where Yidea is ideal yield (kWh), Hmoduie is the total area of PV array (m7), Hpoa is irradiation received on 
plane-of-array (poa) per annum [16]. 


3. RESULTS AND DISCUSSION 

The analysis and results are divided into two sections: AC power analysis and AR threshold. Except 
for recordings available at night, all analyses were performed on filtered data. To carry out the investigation, 
the correlation coefficient was assumed. R° is one of the most commonly used correlation coefficients and 
can measure the linear relationship between two variables. The correlation coefficient between actual and 
predicted AC power output for each month is shown in Figure 3 to Figure 14. AC power output for each 
month is depicted in red (actual plot) and blue (predicted plot). R? has fluctuated between 0.8 and 0.9 over 
the years. High coefficients indicate that the actual power is very close to the predicted power, indicating that 
the PV system is performing admirably. According to Figure 3 to Figure 14, the actual AC power value 
begins to deviate from the prediction when the solar irradiance exceeds 200 W/m?. This inverter failed to 
operate due to discrepancies between actual and predicted AC power output data. 
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Figure 9. AC power output in relation to solar 
irradiance for May 2019 
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Figure 11. AC power output in relation to solar 
irradiance for July 2019 
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Figure 13. AC power output in relation to solar 
irradiance for September 2019 
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Figure 10. AC power output in relation to solar 
irradiance for June 2019 
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Figure 12. AC power output in relation to solar 
irradiance for August 2019 
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Figure 14. AC power output in relation to solar 
irradiance for October 2019 


Figure 15 through Figure 26 show the AR for each month. The red color represents the acceptance 
test's AR threshold of 0.9 (as defined by Malaysian standard MS2692:2020). The results show that a greater 
amount of data fell below 0.9 in November 2018 and December 2019. The graph shows that half of the data 
is below, and half is above 0.9 from January 2019 to July 2019. Meanwhile, a graph from August 2019 
shows that half of the data is less than 0.9. However, according to the graph in September 2019, half the data 
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is below and half is above 0.9. Finally, in December 2019, the graph shows that the amount of data is less 
than 0.9. Overall, the majority of the data shown in the graphs is less than the AR value of 0.9. 
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3.2. Yield (Y) 

Figure 27 shows a graph combination of actual and predict yield versus month for one-year period. 
Actual yield is labelled as green bar while predict yield is labelled as red bar. The range of the energy for 
predict yield is between 0 kWh to 700 kWh. However, none of the actual yield achieved the predicted. The 
highest actual yield produces energy is only 457.08 kWh. 


Yield (Actual and Predict) vs Month 
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Figure 27. Graph of yield (actual and predict) versus month 


3.3. Specific Yield (SY) 

Figure 28 shows a graph of actual and predicted specific yield versus month for one-year period. 
The green bar is actual specific yield, and the red bar is the predicted specific yield. The range of the specific 
yield is between 0 to 120 kWh(kWp)". For predict specific yield, the highest output is in March 2019 which 
is 117.97 kWh(kWp)-! and the lowest amount of predict specific yield is in December 2018 which is 
75.90 kWh(kWp)?!. Next, the highest amount of actual specific yield which is 84.57 kWh(kWp)? in March 
2019, and the lowest amount of actual specific yield which is 49.41 kWh(kWp)"! in December 2018. 
In conclusion, both actual and predicted specific yield shows the same month at highest and lowest 
amount produced. 
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Figure 28. Graph of specific yield (actual and predict) versus month 


Int J Pow Elec & Dri Syst, Vol. 14, No. 2, June 2023: 1098-1109 


Int J Pow Elec & Dri Syst ISSN: 2088-8694 O 1107 


3.4. Performance ratio (PR) 

Figure 29 shows the graph of performance ratio versus months for a one-year period. The purple bar 
represents performance ratio (PR) and the red dash line is the limit of performance ratio (PR) which is 0.75. 
Based on Figure 29, PR of the polycrystalline module shows unstable data where in November 2018, the PR 
is 0.64. A slight increase in December which is 0.65. However, the PR suddenly decreased to 0.61 in January 
2019. Increasing amount of PR in February 2019 shows 0.70 and still increase to the highest PR for one year 
0.72 in March 2019. After two months of increasing, in April 2019 shows PR decreases to 0.65 and 
maintained until May 2019. Nevertheless, in June 2019 the PR kept decreasing to 0.59 then 0.57 in July 2019 
and August 2019 and dropped to the lowest PR in one year, 0.56 in September 2019. Finally, October 2019 
shows a sudden rise of PR to 0.68. Based on data analysis of the performance ratio (PR), none of the data 
even passes 0.75 as what this polycrystalline GCPV systems should have. Therefore, this system is a low- 
performance polycrystalline module system. 

Table 1 shows the results of calculation of percentage difference of yield, specific yield and 
performance ratio for each month starting from November 2018 to October 2019. For yield and specific 
yield, November 2018 started with a high value of percentage difference which is 21.98%. However, the 
values of percentage difference became unstable from December 2018 to March 2019 cause the percentage 
difference dropped to 16.49%. Nevertheless, from April 2019 to September 2019, the values of percentage 
difference rose to 28.02 %. Lastly, in October 2019 the percentage difference of yield decreased to 18.81 %. 
The performance ratio is critical for determining whether polycrystalline performance is obtainable or needs 
fixing. The result shows that most of the percentage difference for performance ratio is greater than 10%, 
indicating that this polycrystalline PV module is defective and must be replaced. 


Graph of Performance Ratio versus Month 
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Figure 29. Graph of performance ratio versus month 


Table 1. Percentage difference of yield 


Percentage difference (%) 


Monti Yield _ Specific yield Performance ratio 
November 2018 21.98 21.97 7.94 
December 2018 21.15 21.14 7.07 
January 2019 24.56 24.56 10.64 
February 2019 17.58 17.58 3.38 
March 2019 16.49 16.49 2.26 
April 2019 21.25 21.25 7.19 
May 2019 21.50 21.50 7.44 
June 2019 26.01 26.00 12.17 
July 2019 27.12 27.12 13.35 
August 2019 27.22 27.22 13.46 
September 2019 28.02 28.02 14.30 
October 2019 18.81 18.81 4.65 
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4. CONCLUSION 

This study was successful in analyzing the Polycrystalline GCPV systems’ Pac_actual and Pac predict- 
The data from the AR analysis show that the majority of the AR results for the Polycrystalline GCPV system 
are less than 0.9. Furthermore, the results of the performance ratio show that the overall system is less than 
0.75, indicating the worst-case scenario for the GCPV system. These findings confirmed that the GCPV 
system is operational in the event of a failure. However, more research is needed to determine the significant 
contribution to a higher cumulative percentage of AR 0.9. Furthermore, a degradation study must be 
conducted to assess the dependability of the AR indicator in order to confirm the failure of the GCPV system. 
Finally, the fault analytical approaches of using AC power and AR for early failure detection of GCPV 
systems were demonstrated to be significant and reliable. 
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